While there is considerable empirical evidence on the impact of liberalizing trade in goods, the effects of services liberalization have not been empirically established. This study examines the link between services sector reforms and the productivity of manufacturing industries relying on services inputs. The results, based on firm-level data from the Czech Republic for the period 1998-2003, show a positive relationship between services sector reform and the performance of domestic firms in downstream manufacturing sectors. When several aspects of services liberalization are considered, namely, the presence of foreign providers, privatization and the level of competition, we find that allowing foreign entry into services industries is the key channel through which services liberalization contributes to improved performance of downstream manufacturing sectors. As most barriers to foreign investment today are not in goods but in services sectors, our findings may strengthen the argument for reform in this area.
Introduction
Services liberalization is a controversial subject, as is evident from recent policy debates in the European Union and the World Trade Organization. The scope for controversy is great becausein contrast to the large body of empirical research on the impact of trade liberalization in goods 1 -little is known about the effects of allowing greater foreign entry in services industries. Since a wide range of manufacturing and services industries rely on services inputs, it seems reasonable to presume that large gains could be achieved through the liberalization of services sectors.
To the best of our knowledge, this is the first study which provides empirical evidence on the link between reforms in services sectors and the productivity of downstream manufacturing industries.
2 Our analysis focuses on the Czech Republic which introduced far reaching reforms of services industries during the 1990s, including opening services sectors to foreign investors. The results, based on firm-level data for the period 1998-2003, suggest a positive association between liberalization in services industries and the productivity of manufacturing firms using services inputs.
Liberalization of services industries involves the abolition of monopolies, elimination of barriers to entry and the privatization of state-owned enterprises. As a result, new domestic and foreign providers are likely to enter the market and hence increase the choice of providers for downstream users of services. Greater choice of services providers may in turn affect the performance of manufacturing sectors in three ways.
First, the quality and reliability of existing services may improve as a result of privatization, competition and the entry of internationally successful players. For instance, telephone communications or electricity provision may become more reliable due to investments in infrastructure by new domestic owners or foreign shareholders, or credit decisions may be made faster as competition among banks increases. These improvements will in turn limit disruptions to production and reduce operating costs in downstream manufacturing sectors. 3 Second, new services may become available through the entry of cutting-edge service providers. Examples include new financial instruments and cash flow management tools, multi-modal transport services, or digital value-added services in telecommunications. Availability of such services may allow manufacturers to introduce productivity enhancing changes to their operations, such as receiving production orders on line or setting up on-line bidding systems for suppliers.
Third, services liberalization may also lead to a wider availability of services that were formerly restricted to certain groups of users, such as internet coverage in rural areas or an improved availability of business consulting services to smaller firms. The improved access may lead to enhanced performance of smaller or remotely located enterprises.
The entry of foreign providers may play a particularly important role in realizing these benefits. Foreign providers may bring know-how and knowledge about new products and international best practices into the country. By setting a higher standard and introducing new products, they may also put pressure on domestic suppliers to make similar improvements. Given the limited scope for cross-border trade in services inputs, we would expect the performance of downstream sectors to be tied more directly to the quality and availability of services supplied by providers operating domestically than is the case for physical intermediate inputs.
The potential positive effect of liberalization and foreign presence in services sectors is reflected in the results of a firm survey conducted by the World Bank in the Czech Republic in 2004. A majority of the 350 Czech enterprises interviewed believed that liberalization of services industries contributed to improvements in the quality, range and availability of services inputs in their country.
A closer look at services industries in the Czech Republic reveals substantial differences between domestic and foreign-owned services providers. Foreign-owned providers exhibit higher labor productivity than their domestic counterparts and have a higher propensity to invest. The data also reveal an increase in productivity and investment taking place following the foreign acquisitions of Czech services firms. Moreover, the data show that after a foreign acquisition, target firms experience an increase in their market share, indicating a revealed consumer preference for the services provided by foreign-owned companies.
To examine the link between services sector reforms and the performance of services users, this study relates the total factor productivity of manufacturing firms to the state of liberalization in services sectors weighted by the respective manufacturing sector's reliance on inputs from each service sector. The analysis is based on firm level data from Amadeus, a commercial data base including financial statements and ownership information for approximately ten thousand Czech companies for the 1998-2003 period. The reliance of manufacturing sectors on services inputs is assessed based on the national input-output matrix.
Several measures are used to capture the extent of reform in services sectors. The first is a set of policy reform indices published by the European Bank for Reconstruction and Development (EBRD). Sector-specific time-varying indices are available for banking, telecommunications, electric power, railway transport, road transport, and water distribution. The indices reflect the overall state of policy reform in a given services industry. Three additional measures capture a particular aspect of liberalization: (i) the extent to which foreign investors have entered Czech services industries, which is proxied by the share of an industry's output produced by foreignowned companies; (ii) the progress of privatization in services industries, which is captured by the share of an industry's output produced by private companies; (iii) the level of competition in services industries, which is measured by the market share of the four largest providers.
In addition to proxies for services reform, the empirical analysis includes a comprehensive set of controls for other channels through which increased openness may affect firm performance. In particular, we control for the availability of material inputs provided by foreign-owned companies operating in upstream manufacturing sectors and for tariffs on imported intermediate inputs. To capture the level of competition in the output markets, we control for foreign presence and tariff protection in the same sector. The model includes firm fixed effects which control for unobserved firm heterogeneity and capture time-invariant effects specific to the industry and the region in which a firm operates. As a robustness check, we also estimate a model in first differences. To take into account the possible simultaneity between productivity shocks and input selection, we estimate the total factor productivity using the methodology proposed by Olley and Pakes (2003) . One final concern is the possible endogeneity of services liberalization. This concern is alleviated by the fact that services liberalization in the Czech Republic was undertaken in preparation for the country's accession to the European Union (EU) in May 2004, which lends considerable exogeneity to the pace of reforms and suggests that services liberalization and opening to foreign entry were exogenous developments rather than a response to domestic lobbying. Nevertheless, we demonstrate that our results are robust to using measures of services reforms lagged two periods. Moreover, taking advantage of the fact that neighboring countries, such as Slovakia and Hungary were also preparing for the EU accession, we use their progress in services reform to instrument for foreign presence in services industries in the Czech Republic and find that our conclusions remain unchanged.
Our main finding is a positive correlation between liberalization in services sectors and the productivity of manufacturing firms relying on services inputs. When each measure of reform is considered in isolation, a positive and statistically significant relationship is found for the overall progress in policy reform, the presence of foreign providers in services sectors and the extent of privatization in services industries. No statistically significant relationship is detected for the level of competition in services sectors. When multiple measures are entered jointly, the effect of privatization loses its statistical significance.
Our findings are consistent with services sector liberalization, particularly foreign direct investment (FDI) inflows into the sector, being associated with improved availability, range and quality of services, which in turn contribute to improved performance of manufacturing firms using services as inputs. The magnitude of the effect is economically meaningful: a one-standarddeviation increase in foreign presence in services industries is associated with a 3.8% increase in the productivity of manufacturing firms relying on services inputs.
Most of the barriers to foreign investment today are not in goods but in services (UNCTAD, 2004) , reflecting the unwillingness of governments, particularly in developing countries, to allow unrestricted foreign presence in what they believe are "strategic" sectors. For example, even countries in South East Asia, such as Malaysia and Thailand, which have reaped huge benefits from the liberalization of trade and investment in goods continue to maintain restrictions on foreign ownership in services ranging from transport to telecommunications. India, which is emerging as a highly competitive supplier of a range of skilled labor-intensive services, still restricts foreign ownership in banking, insurance, telecommunications and retail distribution. Foreign entry into banking in Brazil and a number of other Latin American countries is subject to a high level of regulatory discretion, including in Brazil's case the need to obtain a Presidential decree. Our analysis suggests that these restrictions on foreign presence in producer services can seriously dampen the growth of productivity in manufacturing industries. This paper is structured as follows. Section 2 reviews the relevant literature. Section 3 discusses the liberalization of services industries in the Czech Republic. Section 4 describes the data and the empirical strategy, while section 5 contains the empirical results. The last section presents the conclusion of the study.
Related Literature
As Hoekman (2006) notes, "research on services trade constitutes only a very small share of the total output of international economics" and "the share of rigorous empirical studies [on services] is particularly small, reflecting the scarcity of data on both policies and flows." The small existing literature encompasses a theoretical contribution by Francois (1990) who argues that the growth of intermediation services is an important determinant of overall economic growth and development and a handful of econometric studies based on aggregate data. Rajan and Zingales (1998) examine the impact of financial sector development on growth in downstream industries and find that more finance-dependent sectors grow faster in countries with well-developed financial markets. Fernald (1999) finds that changes in road growth are associated with larger changes in productivity growth in US industries that are more vehicle intensive. Hoekman and Eschenbach (2006) document a positive correlation between the extent of services liberalization and economic growth in transition countries during the 1990-2004 period. Mattoo, Rathindran and Subramanian (2006) present econometric evidence from a sample of 60 countries over the 1990-1999 period indicating that openness in the financial and telecommunications sectors influences long-run growth performance. 4 To the best of our knowledge, the relationship between services reform and downstream productivity has not been examined in the empirical literature. The absence of evidence is particularly surprising considering the well-developed empirical literature on other channels through which openness may affect firm performance.
The first channel, which has received a lot of attention, is the effect of trade liberalization on indigenous producers in import-competing sectors and indigenous producers relying on imported inputs. In both cases, trade liberalization has been found to have a positive effect. For instance, Pavcnik (2002) , who considers the Chilean trade liberalization, shows that plants in importcompeting sectors grew by 3 to 10 percent more than those in sectors which were not exposed to foreign competition. Her findings suggest that Chilean plants had to improve their performance in response to exposure to competition from abroad. Fernandes (2006) demonstrates similar improvements in Colombia, as do Krishna and Mitra in India (1998) , Muendler (2004) in Brazil and Goh and Javorcik (2006) in Poland. Analyzing the effects of trade liberalization in upstream manufacturing sectors, Amiti and Konings (2005) find a strong positive relationship between trade liberalization in intermediate inputs and firm productivity in downstream manufacturing sectors. Muendler (2004) , however, concludes that this channel plays only a minor role.
The second channel, which has also been extensively investigated, is the impact of foreign direct investment on indigenous firms. A large number of studies consider the effect of foreign entry on indigenous producers operating in the same sector, postulating that foreign entry may result in knowledge spillovers to local firms (which would have a positive effect on the performance of the latter) as well as in local producers losing part of their market share to foreign entrants (which would have a negative effect as local producers would have to spread their fixed cost over a smaller scale of production). Empirical analyses based on firm-level panel data produce mixed results. Aitken and Harrison (1999) , Djankov and Hoekman (2000) , Konings (2001) and Javorcik (2004) find that the overall effect of these two forces is either negative or statistically insignificant, while Haskel, Pereira and Slaughter (2002) and Keller and Yeaple (2003) find a positive effect. More recently researchers have also analyzed inter-industry effects of foreign entry. Javorcik (2004) finds a positive effect of FDI on local producers in upstream industries and no significant effect on local producers in downstream manufacturing sectors in Lithuania. Kugler (2006) documents a positive effect of FDI inflows on Colombian producers in other sectors, i.e. sectors other than the sector receiving FDI. He considers the pairwise effects between sectors without distinguishing between the effects on downstream versus upstream sectors.
While the focus of this paper is on the relationship between services liberalization and the performance of domestic firms in downstream manufacturing sectors, we will also examine the impact of trade liberalization and foreign presence in both own and upstream manufacturing sectors. First, however, we turn to the developments in services sectors in the Czech Republic.
3 Services Liberalization in the Czech Republic
Services Reform
Having made substantial progress in liberalizing services sectors and opening its economy to foreign direct investment, the Czech Republic is a suitable choice for our study. Within a few years after the end of the communist regime in 1989, the government of the former Czechoslovakia privatized many state-owned enterprises, liberalized prices and wage-setting and began to open the country to foreign trade and FDI (Hanousek, Kocenda and Lizal 2004) . In 1998, Czech policy makers adopted an even more welcoming approach to foreign direct investment, particularly in services industries, and FDI inflows saw a steep rise. A summary of the reform measures undertaken in the banking, telecommunications and energy sectors is presented here, while Appendix A contains a more detailed description.
In the telecommunications sector, the monopoly fixed line operator was majority public-owned in 1998, and there was no independent regulator for the sector. In early 2000, the Telecommunications Act established an independent regulator and determined that the fixed line monopoly of the incumbent would end on January 1, 2001. Yet, as interconnection prices remained above comparable prices in the European Union and certain other reform-related issues had not been addressed, the EU called for immediate remedial action. A third mobile operator entered the market in 2000 with 100% foreign ownership, and in 2001 the foreign private investor in one of the two mobile companies operating since 1996 increased its shares to 60%. In August 2002, the government decided to privatize the state's majority stake in the incumbent fixed line operator. Now there is a choice of operators in all segments of the market, and according to WTO (2001) there has been "strong growth in both size and quality of services, and prices of some services have fallen."
In the banking sector, the privatization of the four large state-controlled banks began in March 1998. Foreign investors were given national treatment as of 1998, and the supervisory powers of the central bank were strengthened. In 1999, the government published a precise and ambitious timetable for the remaining privatizations in banking and by 2001 90% of banking assets were in foreign-controlled banks, with 27 out of 40 commercial banks being foreign owned. In 2002, after another legal reform, the EU deemed the banking sector in the Czech Republic to be in compliance with the Acquis Communautaire.
In the energy sector, a regulatory administration was established in 1998, although its independence was still limited. On 1 January 2001, a new Energy Act came into force providing for a gradual liberalization of the electricity and gas markets, including third party access starting in 2002. The privatization of the Czech monopoly gas importer and owner of the transit network, together with shares giving majority stakes in seven out of eight regional gas monopoly distributors, was concluded in May 2002. In 2002, the European Commission found the Czech gas and electricity sectors to be well prepared for the competitive EU-internal energy market thanks to the privatization of major players in the gas market, the restructuring of electricity utilities and broadly cost-reflective electricity prices.
In response to changes in the policy environment, the Czech Republic has received large inflows of FDI into services sectors. The aggregate FDI inflows (encompassing both services and other sectors) in 1998 were twice as large as in the preceding year and doubled again in 1999. In fact, the Czech Republic is one of the most successful Central and Eastern European countries in terms of the stock of foreign direct investment per capita. Many of the world's most prominent multinational companies have established themselves in the Czech market. As demonstrated in Figure 1 , a majority of recent FDI inflows into the Czech Republic have been directed into services rather than manufacturing sectors. Almost all services industries have attracted foreign investors (see Figure 2 which depicts the distribution of FDI inflows across services industries during the period considered in our study, [1998] [1999] [2000] [2001] [2002] [2003] .
The progress of the liberalization of the Czech economy with respect to both domestic regulation and openness to foreign entry was closely monitored by the European Union in preparation for the country's accession in 2004. 5 The fact that a substantial liberalization of services was required to attain one of the country's major policy goals lends considerable exogeneity to the pace of reform and suggests that services liberalization and openness to foreign entry were exogenous developments rather than a response to domestic lobbying.
Anecdotal Evidence on the Effects of Services Reform
There is considerable anecdotal evidence suggesting that quality improvements and the introduction of new services in the Czech Republic have been related to the liberalization of services industries and the presence of foreign providers. For example, the Czech Republic was lagging behind all its Western European neighbors with respect to the use of cellular phones in 1998, which is the first year considered in our analysis. By 2003, however, it was second only to Italy and Sweden with respect to the number of cell phones per 100 inhabitants (see Figure 3) . Similarly, with respect to the number of internet users per 100 inhabitants, the country advanced from being at the bottom of the ranking in 1998 to a middle position in 2003, leaving behind countries such as Greece, Spain and Portugal and reaching the levels of Ireland and Italy. It is also suggestive that in countries such as Bulgaria, Russia, Romania and Ukraine, where little progress was made with respect to services liberalization and little foreign investment has taken place, internet usage remains at the level of 0.05 to 0.15 internet users per 100 people, which is an order of magnitude lower than the corresponding figure for the Czech Republic.
Banking is another example of a sector where foreign firms have been at the forefront of introducing innovative services in the Czech market. Ceska Sporitelna, a large Austrian-owned bank, installed 1,080 ATMs across the country and issued 2.7 million payment cards by early 2005. It was also the first bank to offer transaction ATMs, at which customers could pay their bills or make transfers. Moreover, it has become the market leader in remote banking, offering services via phone, cell phone or internet. When Ceska Sporitelna introduced a new internet banking service in 2002, 70,000 Czech customers signed up for the new service during the first 2 months. By now, the service has about 800,000 users.
Foreign banks were also the first to speed up processing of loan applications. For instance, at the US-owned GE Capital Bank, decisions about loans to small and medium enterprises are made within 2 days. Ceska Sporitelna guarantees the issuance of any debit card within 6 days from the filing of the application. HVB Bank, another foreign-owned bank, offers its corporate clients a software package that allows internet banking with multiple banks, domestic and international transactions, and multiple approval procedures of transactions within the company via electronic signatures, even if one of the approvers is located abroad. These changes suggest that opening services sectors to foreign entry have significantly changed the nature of the services sectors in the Czech Republic.
Firms' Perceptions of the Effects of Services Reform
Consistent with the anecdotal evidence, Czech managers exhibit very positive views of services sector reforms in their country. In 2004, the World Bank surveyed 350 Czech firms about their perceptions regarding different aspects of the services reform. Managers were asked whether they felt that the changes had a positive or a negative impact on their firms with regard to quality, prices, the range of services on offer and the availability of these services. As illustrated in Figure  4 , the results of the survey portrayed a generally positive view of services reform. The share of positive perceptions ranged from 55% of the respondents when asked about the quality of accounting and auditing services to 82% for telecommunications. With regards to the variety of products offered, the positive views of liberalization varied between 56% of respondents evaluating accounting and auditing services to 87% of respondents asked about telecommunications. The corresponding figures for the effect on services availability ranged from 47% in accounting and auditing to 80% in telecommunications. 
Evidence of the Superior Performance of Foreign Services Providers
To shed more light on developments in services industries we take a closer look at services providers and explore the extent to which there exist systematic differences between domestic and foreign-owned firms with respect to a number of performance indicators between 1998 and 2003. We do so by estimating a simple model
where foreign it is a dummy variable taking on the value of one if the foreign ownership share in firm i at time t exceeded 10% and zero otherwise, size i captures the initial size of each company as measured by the logarithm of employment in 1998, the initial year of the sample, and D j , D t and D reg are fixed effects for industries, years and regions. The model is estimated on services industries. The premiums are estimated coefficients on a binary variable for foreign ownership or post-acquisition years in the case of firms that were acquired by foreigners. The pre-acquisition period of future acquisition targets is also captured by a dummy variable, and the last column tests for equality of the coefficients on the pre-and post-acquisition dummies. Initial size is controlled by the log of employees in 1998. All regressions control for industry, region and year fixed effects. The number of observations in these regressions ranges from 5096 for labor productivity (due to missing values in employment) and 8092 for market share. The source of firm-level information is the Amadeus data base published by Bureau van Dijk. It contains annual balance sheets and income statements of firms operating in the Czech Republic. The data base includes all firms that either had total assets of more than 20 million Czech Crowns (CZK) or a turnover of more than 40 million CZK. The firm records contain information on volume of sales, labor and intermediate inputs, stock of tangible fixed assets, and ownership structure. To obtain the largest possible sample, we use information from several releases of the Amadeus data base and focus on the period 1998-2003. 7 Nominal values of output are deflated using wholesale deflators specific to 3-digit NACE sectors, obtained from the Czech Statistical Office (CSO). For capital, a deflator for tangible fixed assets, obtained from the CSO, is used.
The results, presented in table 1, suggest that there exist significant differences between domestic and foreign-owned firms operating in services industries. Foreign-owned services firms have a significantly higher labor productivity, investment outlays and market shares. Although these results demonstrate systematic differences related to ownership, they cannot be interpreted as evidence of a causal relationship. While a careful analysis of the direction of causality is beyond the scope of this paper, we can go a step further and exploit the within-firm ownership changes due to 280 foreign acquisitions that we observe in services industries in our data set.
8 If the performance differences are related to ownership differences per se, we would expect to observe changes in these variables in firms changing their ownership status from domestic to foreign. Thus, in the second column of table 1, we exclude firms under foreign ownership throughout the period and let the foreign ownership indicator capture post-acquisition periods of the acquired firms. As before, we find that firms under foreign ownership exhibit positive and statistically significant performance premiums. In the models presented in the third column of table 1, we include two indicator variables: a dummy for the acquired firms observed one year before the ownership change and a dummy for the acquired firms observed after the ownership change. The coefficients on both variables are positive and statistically significant which suggests that firms changing ownership exhibit superior performance before as well as after being acquired, with the latter premium being larger. The difference between the two coefficients is statistically significant and thus presents further evidence in favor of positive performance effects associated with foreign ownership. The fact that firms increase their market share after being acquired by foreign capital is also an indication that services users value performance differences associated with foreign ownership.
In summary, the anecdotal and the survey evidence as well as the econometric results demonstrating superior performance of foreign services providers suggest that service sector reform, and particularly foreign presence in these sectors, has left a positive mark on these industries. In the next section, we explore the implications of these changes for the manufacturing industries that rely on services inputs, which is the main objective of our analysis.
Empirical Strategy
Our firm-level data include information on firms in 21 manufacturing industries. 9 As our measure of firm performance, we estimate the total factor productivity (TFP) for all manufacturing firms. The TFP is estimated as the residual of a three-factor Cobb-Douglas production function, with deflated values of labor, capital and material/services inputs as production factors. Nominal values of output are deflated using wholesale deflators specific to 3-digit NACE sectors, obtained from the Czech Statistical Office (CSO). Labor costs are deflated using the consumer price index from IMF's International Financial Statistics. For capital, a deflator for tangible fixed assets, obtained from the CSO, is used.
As our objective is to assess the effect of services liberalization on firm performance, it is important to properly account for the usage of services inputs. While services inputs are not directly reported in the Amadeus data base, consultations with foreign accounting firms operating in the Czech Republic suggested that the data on the (combined) use of services and material inputs could be obtained by subtracting value added and extraordinary profit/loss 10 from the operating revenue. All three variables are reported in the Amadeus data base. In accounting terms, the material and services usage derived in this way is equal to the sum of (i) the cost of goods sold excluding wages, 11 (ii) other operating expenses excluding depreciation, 12 and (iii) financial revenues less financial costs excluding interest payments. 13 The value of material and services inputs is deflated using wholesale deflators specific to 2-digit NACE sectors (both manufacturing and services industries) weighted by the share of each sector in the provision of inputs taken from the input-output matrix. The use of this composite deflator gives us some confidence that we are taking into account changes in prices of services inputs. 14 We estimate the production function separately for 14 manufacturing sectors, using both ordinary least squares (OLS) and the semi-parametric estimation technique suggested by Olley and Pakes (1996) . 15 The latter technique controls for a possible simultaneity bias arising from the endogeneity of a firm's input selection, which will exist if a firm responds to productivity shocks unobservable to the econometrician by adjusting its input choices. Such behavior would lead to correlation between an explanatory variable and the error term in the estimation of the production function, thus violating one of the basic requirements for the validity of the OLS estimation. The Olley and Pakes estimator corrects for the possible bias that may result from this correlation by using the firm's investment decision as a proxy for unobserved productivity shocks. 16 The estimated TFP is then related to the extent of liberalization in services industries.
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Liberalization of services industries is measured in several ways. The first measure comes from the European Bank for Reconstruction and Development publication Transition Report 2004. The EBRD publishes indices of policy reform for banking, telecommunications, electric power, railway transport, road transport, and water distribution as well as an overall index for services sectors. We use the overall index for those services industries where sector-specific information is not available. All of the indices are available for 1998-2002. According to the EBRD, the scores "reflect the judgment of the EBRD's Office of the Chief Economist about country-specific progress in transition." The advantage of using these measures is that they are in principle designed to encompass all policy aspects of liberalization, both with respect to domestic and foreign providers. 18 However, this broad coverage comes at the cost of a limited precision, particularly with respect to the time variation of the indicators. 10 Extraordinary profit/loss pertains to items related to natural disasters and insurance claims. 11 Cost of goods sold is defined as a specific or direct cost of material and labor entering in the production of finished goods. In the Czech Republic, it also includes energy costs. 12 Other operating expenses include insurance costs, depreciation, donations and penalties. 13 Financial costs include bank fees, interest paid and costs related exchange rate differences. 14 If changes in services prices do not fully reflect the improvements in services quality, these improvements will be captured by the total factor productivity. If they are a result of services liberalization, then they are part of the effect we intend to capture. 15 We group similar 2-digit sectors together to get a larger number of observations. See Appendix D for a list of groupings. 16 Details of the procedure are outlined in Olley and Pakes (1996) , as well as in other papers that applied the procedure in the context of international trade and investment, such as Pavcnik (2002), Javorcik (2004) and Arnold and Hussinger (2005) . The coefficients from the estimated production functions are presented in Appendix D. 17 Note that in Appendix E we demonstrate that our results are robust to using a one-stage approach, i.e. including variables of interest in the production function. 18 The indices are described in more detail in Appendix F. Therefore, we employ alternative measures aiming to capture particular aspects of services reform, namely (i) the extent to which foreign investors have entered Czech services industries; (ii) the progress of privatization in services industries; and (iii) the level of competition in services industries. These proxies offer several advantages. First, they can be measured precisely. Second, allowing foreign entry or privatizing state owned enterprises is a good indicator of a serious commitment to reform. Third, all these measures are outcomes rather than policy variables, which means that they encompass implementation as well as policies. Fourth, comparing the results for individual measures can offer insights into the relative importance of various aspects of services liberalization.
The extent of foreign presence in services sectors is measured by the share of foreign-owned providers in sectoral sales. Firm-level ownership information is available in Amadeus in the form of records on shareholders, their nationalities and their ownership shares, including the dates as of which the information is valid. The date records pertain to the latest available information in each release of Amadeus, i.e. they are not time-varying within one version of the data base. Therefore, we combine the information from four different releases of Amadeus (1998 , October 2001 , January 2005 and March 2005 and construct a panel of foreign ownership shares for each firm. 19 In cases where the date of foreign entry was ambiguous, we looked up information on the owners from other publicly available sources. This usually allowed us to eliminate any residual doubts. For the top 5 companies in each sector and year, we additionally verified any available information about foreign owners and their date of entry by looking at annual reports and information on the company websites.
Throughout the paper, we employ two definitions of foreign ownership shares: a threshold definition and a capital share definition. In the former, a firm's entire output is counted as foreign if the sum of the shares held by foreign entities exceeds 10% (the standard threshold for defining FDI). In the latter, a firm's output is weighted by the foreign ownership share and only this fraction is considered as foreign output. Using these two definitions, we calculate the share of foreign output at the level of 2-digit services sectors of the NACE classification for the years 1998 to 2002. In what follows, we will refer to the foreign output share variables as foreign share.
We construct the foreign share variables for the following services sectors: other business activities (includes legal, accounting, consulting, advertising services) (NACE code 74), computer and related activities (72), renting of machinery and equipment (71), real estate activities (70), financial intermediation (65), post and telecommunications (64), supporting and auxiliary transport activities (63), land transport (60), retail trade and repair of personal and household goods (52), wholesale trade and commission trade (51), sale, maintenance and repair of motor vehicles and retail sale of automotive fuel (50), construction (45), collection, purification and distribution of water (41), electricity, gas and hot water supply (40). 20 Foreign engagement in these sectors varies substantially. While in the electricity sector almost 76% of sales in 2002 came from firms with at least 10% foreign ownership, this ratio reached only 8% in land transport. There is also a significant variation across time. The average of foreign output shares more than doubled between 1998 and 2002.
The progress of privatization in services industries is measured by the share of output provided by firms with private owners. The determination of whether a particular owner is a private entity or a state or municipal government or agency is made based on the shareholder name and description in the Amadeus data base. As in the case of foreign ownership, we employ both a threshold and a capital share definition.
The level of competition in each services industry is proxied by two indices of concentration: the market share of the four largest providers and the Herfindahl index which is defined as the sum of squared market shares of all providers in the sector. As our results show no qualitative difference between the findings based on the two indices, we present the estimation results only for the former index.
Since we are interested in inter-sectoral linkages between services and manufacturing industries, we need to weigh the extent of liberalization in each services sector by the reliance of manufacturing firms on each services input. While we do not have information on services inputs at the level of individual firms, we can use information from a national input-output matrix to evaluate inter-industry dependencies between individual manufacturing and services sectors. 21 An advantage of using the industry level information is that there is less need to be concerned about a correlation between the performance of an individual firm and its services usage. Based on the information on the relative importance of each services sector for manufacturing industries, we calculate the following measures for each manufacturing industry j at time t:
where a jk is the amount of inputs sourced from services sector k, expressed as a fraction of the overall inputs used by manufacturing sector j. Liberalization_index kt is one of the six measures discussed above: the EBRD index of reform in services sector k at time t, foreign share kt defined based on capital shares or thresholds for services sector k at time t, the share of output provided by private companies in services sector k at time t (defined based on capital shares or thresholds) or the concentration index for services sector k at time t. Put differently, the services_linkage variable is obtained by multiplying the matrix of sectoral reform indicators for services sectors with a matrix of input-output coefficients.
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To establish whether there exists a link between the performance of Czech firms and liberalization of upstream services sectors, we regress the productivity of manufacturing firms on the services_linkage measures:
where TFP it is the total factor productivity of a Czech manufacturing firm i operating at time t estimated at the industry level using alternatively ordinary least squares or the semiparametric Olley and Pakes method and X jt-1 is a vector of controls for other aspects of the increasing integration of the Czech economy with the outside world. As the effects of services liberalization and other aspects of international integration may take time to materialize, these variables are lagged one period.
There are two advantages of using firm-level rather than industry-level data. First, we can include firm fixed effects (D i ) to capture unobserved firm heterogeneity related to firm location, size, the subindustry of operation, manager's characteristics, age, etc. Second, firm-level data allow us to isolate the effect on domestic firms, which is the policy outcome likely to be of highest interest to national policy makers. For this reason, only firms in manufacturing sectors (NACE Codes 15 to 36) that have less than 10% of foreign ownership at all times are considered in the regressions.
23
The vector X jt-1 controls for other aspects of openness not related to services liberalization. In particular, it includes a sector-specific measure of foreign presence in upstream manufacturing sectors, constructed in the same way as the services_linkage variables. Foreign entry into manufacturing industries may affect the sourcing options for manufacturing inputs by increasing the quality and range of products available. To account for the sourcing options offered by imported inputs, X jt-1 also includes the level of tariff protection in upstream manufacturing sectors, again weighted by the input-output coefficients. Our tariff measures are applied MFN tariffs. In preparation for accession to the European Union, Czech tariffs vis-à-vis the EU were governed by a bilateral accession agreement of 1992, which established a schedule for phasing out tariffs on most manufacturing products by the end of 2000. In practice, this means that for the time frame we are investigating, EU preferential tariffs outside the food and tobacco sectors were already very low, with an average tariff of less than half a percent. In the presence of virtual free trade with the EU, it does not seem sensible to exploit the minimal variation in this protection before 2001, and indeed our data show little evidence that this aspect of trade protection matters. Instead we focus on MFN tariffs, which will capture protection vis-à-vis imports from non-EU countries, such as the United States and China. In Appendix G, however, we repeat some of our basic regressions including both EU preferential and MFN tariff rates and show that the results are robust to this change.
Finally, to control for the level of competition and possible knowledge spillovers, we also include measures of foreign entry into a firm's own sector as well as the level of tariff protection in the same sector. 24 To take into account other factors that may generate a correlation between the performance of manufacturing firms and foreign entry into services sectors, such as regional differences in remoteness or quality of infrastructure, or events that improve business prospects in both services and manufacturing in a specific year, we include firm and year fixed effects. The firm fixed effects will also control for unobserved heterogeneity of firms.
In our second specification, we estimate the model in first differences rather than in levels. Differencing takes out all observable and unobservable time-invariant characteristics at the level of the firm as well as at the level of the industry and region. By including region and year fixed effects in the model in first differences, we additionally control for differences in trends (rather than in levels) that are specific to a particular region or for factors affecting the whole economy in a particular period. For example, differences in regional public spending on infrastructure or economy wide shocks would be picked up by these fixed effects in the differenced equation and would not bias our coefficient estimate of the services linkage variable. Our second specification takes the following form:
As the variables of interest are at the industry level while the dependent variable is at the firmlevel, we adjust standard errors to allow for correlation between observations belonging to the same industry in the same year. The summary statistics for all variables are presented in Appendix H.
Results
The results from the estimation of equation 3 based on OLS productivity estimates are shown in table 2. When we enter the measures of services_linkages into the model one by one, we find a positive and statistically significant correlation between firm performance in downstream manufacturing and the overall liberalization of services (EBRD measure, column I), the presence of foreign providers of services (measured using the two alternative definitions of foreign output in columns II and III) and the extent of privatization in services industries (but only when the capital share definition is used in column V). The effects are statistically significant at the one or at the five percent level. These results support our hypothesis that services liberalization affects the performance of domestic manufacturing firms relying on services inputs. The extent of competition in services, proxied by the concentration ratio (or the Herfindahl index, not reported to save space), does not appear to have a statistically significant effect. When the three aspects of services reform (foreign presence, privatization and competition) enter the model jointly in columns VII and VIII, only the presence of foreign providers is statistically significant. This suggests that allowing foreign entry into services industries may be the key channel through which services liberalization contributes to improved performance of downstream manufacturing sectors. The Inputs Linkage variables are weighted by the respective I/O coefficient. All regressors are lagged one year. All models include firm and year fixed effects. Robust standard errors clustered on industry-year combinations are presented in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level.
Moreover, our results suggest that other, albeit not all, aspects of openness affect firm performance. We find that high tariffs on foreign-produced material inputs are negatively correlated with firm productivity. The coefficient is statistically significant in 5 out of 8 cases. This result is in line with the findings by Amiti and Konings (2005) showing that trade liberalization benefits users of imported inputs. Consistent with the results of Javorcik (2004), we do not find evidence suggesting that access to material inputs produced by foreign investors affect the performance of domestic producers. Moving on to within industry effects, our results produce some weak evidence of positive spillovers from foreign presence in the same sector. The estimations also suggest that tariff protection in the same sector displays a positive correlation with firm performance. While this finding contrasts with the results on the effect of import competition on productivity in the existing literature, it is important to mention that our result is not directly comparable to those found in other analyses, due to the specific situation of the Czech Republic. Imports of manufacturing products from the European Union and its accession countries were entering the Czech Republic practically duty free throughout most of the period under study, and our tariff measure captures the residual competition offered by imports from non-EU countries.
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In order to interpret the size of our estimated coefficients, we undertake the following hypothetical exercises on the basis of models I and III in table 2. Assume that the level of services liberalization in the Czech Republic at the end of our time frame, as measured by the EBRD indices, were to drop to the level of Romania, which has made considerably less progress in liberalizing its services sectors according to the EBRD. In this case, our model would predict an average decrease in the productivity of downstream manufacturing sectors of the order of 4.8%. With respect to foreign presence, simulating a one-standard-deviation increase in foreign presence in services industries would lead to a 3.8% increase in the productivity of downstream manufacturing firms.
In table 3, we present the same estimates based on TFP measures obtained using the Olley and Pakes method. These results lead to the same conclusions: We find a positive and significant relationship between the reform in services sectors, as reflected by the EBRD index, foreign presence and privatization, and the performance of Czech firms in downstream manufacturing. As before, the effect of privatization is statistically significant only when the capital share definition is used. The last result is not surprising as privatizing only a small share of an enterprise (10% is the threshold value in this case) is unlikely to have a profound effect on the control and thus the performance of the enterprise. Again, the presence of foreign services providers appears to have the most robust effect on the performance of Czech firms in downstream manufacturing.
As the next step, we estimate our model in first differences as specified in equation 4. In this more demanding specification, the differencing removes all influences that are fixed at the level of the firm, industry or region, as did the firm fixed effects before. In addition, regional dummy variables in the differenced equation now purge all differences in trends that are specific to the region of operation. The estimates, based on the OLS productivity and presented in table 4, confirm our earlier conclusions. We find a positive and statistically significant correlation between the presence of foreign providers of services and the productivity of Czech firms relying on services inputs. As before, statistically significant effects are also found for the index of policy changes and the extent of privatization. We reach similar conclusions when we employ the TFP measures based on the Olley-Pakes approach (table 5) . The Inputs Linkage variables are weighted by the respective I/O coefficient. All regressors are differenced one year and then lagged one year. All models include region and year fixed effects. Robust standard errors clustered on industry-year combinations are presented in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level.
Given the tight supervision of progress in policy reform by the European Commission in preparation for EU accession, services policy choices can be considered largely exogenous. Nevertheless, in order to present some evidence that reverse causality is not likely to be a problem for the outcome variables in our estimation, we extend the lags of the independent variables in our equation to two years. The results from these specifications are presented in table  6 for OLS TFP measures and table 7 for Olley-Pakes TFP estimates. They demonstrate that our basic conclusion regarding the importance of foreign entry into services sectors holds when we expand the number of lags with which the independent variables enter the regressions. Since it is unlikely that the productivity of manufacturing firms today is relevant for FDI inflows into services sectors two years ago, we feel reasonably confident that reverse causation is not a problem in this specification. The Inputs Linkage variables are weighted by the respective I/O coefficient. All regressors are differenced one year and then lagged one year. All models include region and year fixed effects. Robust standard errors clustered on industry-year combinations are presented in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level.
The results presented in tables 6 and 7 also demonstrate that opening services sectors to FDI appears to be the key channel though which services liberalization benefits manufacturing firms. When proxies for foreign presence in services industries are included, the other measures of services liberalization fail to reach conventional significance levels. In the final robustness check, we aim to ensure that endogeneity is not a concern for our FDI variables. We instrument for foreign presence in Czech services industries by taking advantage of the fact that two neighboring countries, Slovakia and Hungary, were also expected to liberalize services industries in preparation for their EU accession, which took place on May 1, 2004. We use the EBRD index capturing progress in their reforms, weighted by the Czech input-output coefficients, to instrument for foreign presence in Czech services industries: The estimation results, presented in table 8, suggest that these instruments are good predictors of foreign presence in services industries when the capital share definition is used but less so in the case of the threshold definition. The test of excluded instruments and the overidentification test confirm the validity of the instruments. The Inputs Linkage variables are weighted by the respective I/O coefficient. All regressors are lagged one year. All models include firm and year fixed effects. Robust standard errors clustered on industry are presented in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1% level.
The results from the instrumental variable approach are consistent with our earlier findings. They suggest a positive and statistically significant relationship between the presence of foreign services providers and the performance of Czech manufacturing firms relying on services inputs. This is true for the capital share definition both when the OLS and the Olley-Pakes based TFP measures are used. In the case of the threshold definition, the coefficient is statistically significant only in the case of OLS productivity, but this may be due to weaker performance of the instruments in explaining the threshold based proxy.
To summarize, our findings of a positive relationship between liberalization of services sectors, in particular opening of services sectors to foreign providers, and downstream manufacturing performance are consistent with a productivity-enhancing effect of a reform in services. They suggest that manufacturing firms relying more on inputs from liberalized services sectors or purchasing inputs from foreign services providers tend to exhibit a higher total factor productivity. These findings are robust to controlling for unobservable firm characteristics, for changes in other aspects of openness and for systematic differences in performance across regions and time periods. They are also robust to instrumenting for foreign presence in services industries.
Conclusions
In this paper, we create measures of reform in services sectors and combine them with information on the degree to which manufacturing firms rely on intermediate inputs from services industries. This allows us to analyze the relationship between services liberalization and downstream manufacturing performance. We capture services liberalization in four ways: (i) using an index of policy reforms created by the European Bank for Reconstruction and Development (EBRD) taking into account all aspects of services liberalization, including both the domestic and the international dimension; (ii) considering the share of services output provided by foreignowned firms; (iii) focusing on the share of services provided by private and privatized firms; and (iv) considering the extent of competition in services sectors.
Our results suggest two conclusions. First, we find that services policy matters for manufacturing performance as manifested in the strong correlation between services sector reform and the productivity of local producers relying on services as intermediate inputs. This finding is robust to several different econometric specifications, including controlling for unobservable firm heterogeneity and for other aspects of openness. Second, we find evidence suggesting that opening services sectors to foreign providers is a key channel through which services reforms affect downstream productivity in manufacturing. This finding is robust to instrumenting for the extent of foreign presence in services industries.
As most barriers to foreign investment today are not in goods but in services, we hope that our findings will provide support for further liberalization of services industries and opening of services sectors to foreign providers.
Appendix A. Services policy reform in the Czech Republic, 1998 Republic, -2003 In order to give some examples of the profound changes that have taken place in Czech services sectors during the period covered by our study (1998) (1999) (2000) (2001) (2002) (2003) , we present a detailed description of the regulatory reforms in the banking, telecommunications and energy sectors. The information below draws largely on the yearly Accession Protocols of the European Commission and the WTO Trade Policy Review for the Czech Republic (2001).
In the banking sector, the privatization of the remaining four large state-controlled banks began with the sale of IPB in March 1998 and the call for expression of interest for CSOB in July 1998. Regulatory improvements were enacted in the same year to separate banks' engagement in the enterprise sector, which was perceived as one of the reasons for banks' soft stance vis-à-vis bad debtors. 26 Foreign investors were treated on equal terms with domestic ones as of 1998, and the supervisory powers of the central bank were strengthened. In 1999, the government published a precise and ambitious timetable for the remaining privatizations in banking. In June, a majority stake in CSOB was sold to foreign investors. Another bank, CS, with a public share of 45%, was completely privatized in March 2000. In preparation for privatization, many historic debt positions were moved into a public fund, with the state covering the cost of the write-offs. This was particularly relevant for CS and even more so KB, the last remaining public bank awaiting privatization. By 2000, two thirds of banking assets were foreign owned. In 2001, KB was privatized after a massive bailout by the state. This completed the banking privatizations, and left 90% of banking assets in foreign-controlled banks, with 27 out of 40 commercial banks being foreign owned. In 2002, after another legal reform, the EU deemed the banking sector in the Czech Republic to be in compliance with the acquis communautaire.
In the telecommunications sector, the monopoly fixed line operator was majority public-owned in 1998, and there was no independent regulator for the sector. The two ministries in charge of regulation faced a conflict of interest by simultaneously exercising the state's controlling property rights in several operating companies. In mobile services, there were two providers with 51% public ownership and the remaining capital held mostly by foreign investors. In early 2000, the Telecommunications Act established an independent regulator and determined that January 1,In the energy sector, a regulatory administration was established in 1998, although its independence was still limited. In January 1999, a transmission system operator for electricity was set up as a 100% subsidiary of the national electricity company, separating the production and transmission accounts as required by the EU Electricity Directive. However, the dominant producer still held a monopoly for transmission, transit, import and export of electricity. Tariffs, which had traditionally been set below costs, were revised in 1999, which implied an increase in the maximum prices for gas and power for households effective in early 2000. Two regional energy distributors in South Bohemia were privatized in 2000, and authorities embarked on a gradual process of price liberalization, which aimed at eliminating cross-subsidies. On 1 January 2001, a new Energy Act came into force providing for a gradual liberalization of the electricity and gas markets, including third party access starting in 2002. Following further price liberalization in both segments, the EU Commission concluded that the alignment of prices for private households with cost recovery levels was achieved for electricity and was near completion for gas by 2001. The same year saw the establishment of an independent regulator, the Energy Regulatory Office (ERO). It is funded from a separate chapter of the state budget, with its principle responsibility being the promotion of competition. The regulator can pass secondary legislation, grant market licenses and set market rules. In 2002, the ERO issued decrees regulating the construction of and access to the electricity and gas network infrastructure, the cost and revenue calculation for utilities and licensing rules. In January 2002, the market for entities consuming over 40GWh of electricity annually became fully liberalized. This led to a reduction in electricity prices for this market segment, which has 65 eligible customers representing approximately 30% of the Czech market. The privatization of the Czech monopoly gas importer and owner of the transit network, together with shares giving majority stakes in seven out of eight regional gas monopoly distributors was concluded in May 2002. In the electricity segment, the incumbent operator CEZ was restructured in 2002 and sold its majority stake in the electricity transmission system operator. Thanks to the privatization of major players in the gas market, the restructuring of electricity utilities and the broadly cost-reflective electricity prices, in 2002 the European Commission was able to deem the Czech gas and electricity sectors to be well prepared for the competitive EU-internal energy market. Appendix C. Data cleaning procedure.
All the variables in our data set are subject to missing values. Missing values in firm output created a particular problem when calculating the foreign output shares at the sector level. A large firm with a missing value for output in a given year can lead to bumps in the foreign output share of the respective industry if no correction is made. Hence rather than taking a missing value as a zero, we used linear interpolation to estimate the firm output in a year in which it was missing and we could not obtain the information from the company website. Although imperfect, the interpolated output is most likely a better approximation of the true value than a value of zero. Interpolated values, however, were used only for the construction of the foreign output shares at the sector level, not in our estimation of firm performance.
We also encountered cases of missing information on the country of origin of the firm owner. In these cases, we looked up information on the owners from other publicly available sources and tried to determine whether they were Czech or foreign. This usually allowed us to eliminate any residual doubts. For the top 5 companies in each sector and year, we additionally verified any available information about foreign owners and their date of entry by looking at annual reports and information on the company websites. For smaller firms, we replaced missing values of the record date with the release date of the Amadeus version from which the record originated. In the cases where owners were not physical persons, we used information about the ultimate owners (that is, shareholders in the owner company) and were thus able to account for cases of indirect foreign ownership. We also allowed for the possibility of a firm becoming foreign through a change in shareholders of a possible intermediate owner.
In some cases, figures reported in Amadeus appeared to be key punch errors, and we developed several rules to clean the data by excluding firms with unlikely patterns from our sample. We excluded a firm from our sample if it reported negative values of payments to labor, of intermediate inputs or of capital stock, and wherever intermediate inputs exceeded the value of output. 2 Moderate degree of decentralisation; initial steps towards commercialisation. Services provided by municipally owned companies. Partial cost recovery through tariffs, and initial steps to reduce cross-subsidies. General public guidelines exist regarding tariffsetting and service quality but both under ministerial control. Some private sector participation through service or management contacts, or competition to provide ancillary services. 3 Fair degree of decentralisation and commercialisation. Water utilities operate with managerial and accounting independence from municipalities, using international accounting standards and management information systems. Operating costs recovered through tariffs, with a minimum level of cross-subsidies. More detailed rules drawn up in contract documents, specifying tariff review formulae and performance standards. Private sector participation through the full concession of a major service in at least one city. 4 Large degree of decentralisation and commercialisation. Water utilities managerially independent, with cash flows -net of municipal budget transfers -that ensure financial viability. No cross-subsidies. Semi-autonomous regulatory agency has power to advise and enforce tariffs and service quality. Substantial private sector participation through buildoperator-transfer concessions, management contacts or asset sales in several cities. 4+ Water utilities fully decentralised and commercialised. Fully autonomous regulator exists with complete authority to review and enforce tariff levels and quality standards. Widespread private sector participation via service/ management/lease contracts. Highpowered incentives, full concessions and/or divestiture of water and waste-water services in major urban areas. " Appendix G. Including EU preferential tariffs. 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 A u stria B elg iu m D en m a rk F in la n d F r a n ce G erm a n y G r e e c e Ir e la n d 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 A u stria B e lg iu m D en m a rk F in la n d F ra n ce G erm a n y G reece It a ly Source: ITU
Appendix D. Production Function Estimation

